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There exists,  as  far  as we know,  no literature on the catalase of 
marine  algae.  The work done  on  oxidase  and  peroxidase is  scanty 
and  incomplete  (Reed,  Atkins,  and Duggar  and Davis).  We  have 
started  a  preliminary investigation of  the  catalase,  peroxidase,  and 
oxidase  of  marine  algae.  The  present  paper  deals  only with  the 
enzymes of Ulva tceniata Setchell and Gardner, although we worked with 
different forms.  Ulva  contains  the  strongest  oxidase,  according  to 
Reed.  This  fact,  and  the  abundant  occurrence of  Ulva  at  Pacific 
Grove, led us to study this form more particularly. 
Our work is  only preliminary, for  as yet we have not considered 
the daily variations and other features of the behavior of the enzyme. 
We  hope  to  publish  soon  a  more physiological paper  on  the  same 
question.  We worked with one "clan" of Ulva, placed in an aquarium 
with  running  sea  water,  the  temperature  of  which was  practically 
constant throughout our experiments.  We always worked upon the 
youngest plants, but the "physiological error" will remain in our work 
a source of inevitable inaccuracies. 
Catalase. 
General  Remarks.--The  alga  contained  a  rather  active  eatalase, 
as  qualitative  experiments have  shown.  To  determine its  strength 
we  used  a  manometrical  method,  elsewhere  described  by  us.  A 
suction  flask was  connected with  a  self-recording manometer by  a 
ground joint.  This  joint  permitted  thorough  shaking  of  the flask. 
The suction flask was closed by a ground stopper to which the peroxide 
container  was  sealed  on  the  inside.  On  inverting  the  flask,  the 
peroxide would pour into the fluid in the flask and the reaction would 
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begin.  The  curves  made  on  millimeter  paper  by  the  automatic 
writer  could  be  calculated  immediately.  The  advantages  of  this 
method  are:  (1)  accurate  determination  of  the  beginning  and  the 
end of the reaction and of the reaction time; (2) accurate determination 
of the strength of the peroxide;  (3)  accurate and quick measurement 
of reaction velocities in very short intervals; e.g., every 5 seconds. 
Fig.  1  is  an  autogram  showing  the  effect of the action  of 3  cc.  of 
3  per  cent  peroxide  on  3  gin.  of  ground  Ulva  thallus  in  a  slightly 
alkaline  medium.  The ordinates  are  pressures  in millimeters.  The 
abscissae  are  14  seconds  per  millimeter.  We  used  Braun-Knecht- 
Heimann's  c.  P.  3  per  cent peroxide which  contains  still  acetanilide 
and acid.  We neutralized the  peroxide with 0.1 ~¢ sodium  carbonate 
solution. 
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FIa.  1.  Autographic  record of the  effect of 3  cc.  of 3 per  cent peroxide 
on 3 gin. of fresh,  ground thallus  of Ulva. 
The  activity  of  the  catalase  in  Ulva  is  not  very  great.  If  we 
compare it with the activity of hemp leaves, we get 
3 gin.  of ground  Ulva  ...... 4 cc. of H~O~ 3v  0.4 cc. of 0.1 N NaeCO8 
Average ......................................  K  ~-  521  X  10  ~ 
3 gin. of ground hemp leaves...4 cc. of H~O~ ~  0.4 cc. of 0.1 N Na~CO8 
Average .....................................  K  =  7,020 X  10  -~ 
The hemp is about fourteen times stronger than  the alga in its  cata- 
lytic activity. 
Before giving  a  detailed  description  of  the  experiments,  we  wish 
to  emphasize  the  fact  that,  however  simple  the  method  described 
may  seem,  we  met  with  great  difficulty  in  carrying  it  out.  We 
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reliability.  Only smooth, finished curves were  used for calculation. 
These were produced in experiments in which the ground plant was 
mixed  thoroughly  with  the  peroxide.  In  connection  with  these 
remarks a quotation of Pickering is given: 
"The application  of the graphic method requires a great amount of care and 
close attention to experimental and other conditions, and it is to be feared that 
hurried use of it by those who have not taken the trouble to master the necessary 
details, or to acquire the requisite amount of skill, may bring it into undeserved 
disrepute." 
It  is  almost unnecessary  to  say that we  used  for our  calculation 
the formula of van't Hoff 
1  a 
K  =  0.434t  log  a  -  x 
In the few cases to which this formula did not apply we used others. 
All  the  determinations  were  made  at  4-  17°C.(16-18°C.).  The 
temperature of the sea water was invariably 15°C. 
Catalase  of  the  Undamaged  Plant.--Catalase  .is  an  intracellular 
enzyme and  is  supposed  to  adhere  to  the  cells  with great  tenacity. 
The extent to which the material is ground has a  marked effect upon 
the result.  Long and thorough grinding in a mortar reduces the alga 
to the consistency of an unguent.  With the material in this condition 
we  obtained  our  best  results.  A't  first we  washed  off the  adhering 
sea water with distilled water before the grinding, thinking  that the 
salt water might injure the enzyme.  We were very much surprised, 
however, to find that these preliminary washings reduced the enzyme 
strength  one-half, whereas a  treatment with sea water had no effect 
at all. 
3 grn. of Ulva -]- 3 cc. of unneutrallzed peroxide, ground without washing, gave 
the following. 
K X 10s after.  Average. 
138 sec.  276 sec.  414 sec.  [  552 sec.  K X 10  -5 
275  270  256  1  254  264 638  CATALAS E  ACTION 
K decreases because of the acidity of the peroxide. 
3 gin. of Ulva +  3 cc. of unneutralized peroxide, ground after washing twice in 
distilled water, gave the following. 
138 sec.  [  276 sec. 
128  [  110 
K  X  10 5 after. 
414  sec.  552 sec. 
86  81 
Average. 
K X 10- ~ 
101 
K decreases because of the acidity of the peroxide. 
We could offer two explanations of this fact:  (1) The distilled water 
destroys the enzyme.  (2) The enzyme migrates into the wash water. 
To  decide  which  hypothesis  was  true,  we  made  a  catalase  deter- 
mination with the wash water.  We soaked 20 gm. of Ulva in 200 cc. 
of distilled water for 40  minutes.  To  4  cc.  of this  wash  water we 
added 3 cc. of peroxide solution.  The wash water contained catalase. 
K  X  10 5 after.  Average. 
KX10  -5 
138 see.  276 sec.  414 sec.  552 sec. 
40  33  31  26  .  33 
On  the  assumption  that  there  is  proportionality between K  and 
enzyme quantity for 3 gin. of plant, calculation gave a yield of catalase 
of  130  ×  10 -5  as  average  K  to  the  distilled water.  We  can  say, 
therefore, that the plant lost one-half its catalase to the surrounding 
water.  We obtain 
Washed plants:  K  X  105 ..........................................  =  100 
Wash water ......................................................  =  130 
230 
Unwashed plants had  a  K  ×  105  of 264  which  is  a  fairly  close 
approximation.  After  1  hour  and  40  minutes  washing,  the  wash 
water contained no more catalase than after 40 minutes.  The curve 
obtained was identical with the curve analyzed above.  Wash water, 
in which the plant remained for only 3 minutes, showed no catalytic 
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We then put 20 gm. of plants from the aquarium in 25 cc. of distilled 
water  and  let it  stand  over night.  The  next  morning  4  cc.  of  the 
fluid gave 
K  X  10  s after. 
Average  K. 
138 sec.  276 sec.  ]  414 sec.  552 sec. 
[  139  109  96  85  107 
which gives a yield of catalase of K  ×  105  =  85  from  3  gm.  of plants. 
The  source of the above tables is  the  autographic  record  shown in 
Fig.  2. 
I 
/I  F 
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FIG. 2.  Autographic record  of presence of catalase  in distilled water used 
to wash Utva. 
The  enzyme  is  more  or  less  destroyed  by long  standing,  and  we 
can  conclude  with  certainty  tlaat  approximately  one-half  the  total 
amount  of catalase  passes  out  into  the  wash  water  within  the first  40 
minutes of washing. 
There is, as far as we know, only one paper dealing with a  similar 
question.  Lyon  has  noted  similar  behavior  with  echinoderm  eggs. 
He found  that  in these eggs the  catalase  activity was doubled after 
fertilization.  The increase in activity started  about 3 minutes  after 
fertilization.  Lyon discusses several possible causes of this fact and 
finds that neither  the sperm nor the "increase in activity" is respon- 
sible for the change but on the other hand a  difference in the perme- 
ability of the cell membrane.  This  is consistent  with  the  theory of 
fertilization  set  forth  by  Loeb,  Warburg,  and  others.  Lyon  ~vas 
able,  by placing  the echinoderm  eggs in distilled water,  to double ~he 
catalase  activity  in  unfertilized  eggs;  in  other  words,  they  gave  the 
same reaction as the fertilized eggs.  Lyon seems not to be aware of 640  CATALASE  ACTION 
the fact that the cataiase was suspended in the water.  In connection 
with our own experiments we tried to determine  the facts microscopi- 
cally. 
Experiment 1.--The damaged piece of thallus was placed in sea water +  a 
trace of H20~.  Bubbles of oxygen originated only at the place where the piece 
was cut.  After a long time there was a very feeble activity on the surface ceasing 
after about 2 hours. 
Experiment 2.--A similar piece of thallus was placed in distilled water +  a 
trace of H~O2.  Oxygen originated immediately at the place where the piece was 
cut.  After about 3 minutes there was a  strong  reaction on the whole surface, 
which lasted for about 50 minutes. 
There are two conclusions possible, which might explain these facts: 
(1)  catalase  goes  out  by  exosmosis;  (2)  catalase  goes  out  through 
the burst cell wall. 
While  the  second  assumption  may  be  possible,  there  is  one  fact 
that  can  be  explained  in  favor of the  first  assumption.  If the  cell 
bursts, there is no reason why any catalase should remain in the cell, 
as the enzyme is soluble in water.  A fact that reminds one of exosmo- 
sis is  the  short  space  of time  within  which  the  emigration  of the 
catalase  is  completed.  It  is  improbable,  on  the  other  hand,  that 
large  molecules  diffuse  out  of  the  cells  in  which  they  occur.  We 
may  suspect, therefore, that this  enzyme  at  least  is  a  simpler com- 
pound than most of us have thought hitherto. 
Influence  of Subs~rate Concentrations.--We  considered one series of 
experiments  done  with  homogeneous  material  under  the  same  con- 
ditions.  3 gin.  of  Ulva were ground  in a  mortar  to a  very fine con- 
sistency with  15  cc. of distilled water.  The peroxide was previously 
neutralized  by  0.1  cc.  of  0.1  1~t  sodium  carbonate  solution  per  cc. 
We found 
Peroxide. 
cc. 
4 
3 
2 
1 
End- 
pressure. 
44 
32 
21 
I0 
138 sec. 
3O6 
342 
438 
667 
K  X  10 s after. 
I 
276 sec.  I  414 sec. 
--  [ -- 
298  ]  295 
333  ]  353 
408  ]  461 
689  ] 
552 sec. 
299 
366 
514 (?) 
690 sec. 
306 
361 
437 
Average. 
K  X 10  5 
299 
337 
423 
678 
Reaction  time. 
Calca- 
Found.  lated. 
sec.  $eG. 
745  744 
573  558 
372  372 
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Peroxide quantities  are  proportional  to  reaction  time,  as  the  last 
two columns show.  No linear relation exists, however, between the 
former and the reaction velocity.  Fig. 3 shows that this relation can 
be expressed by a  continuous curve which is not exponential, as  the 
following calculation indicates. 
Peroxide.  K  l  KZ.~  K  l-s  K  2 
gg. 
4 
3 
2 
1 
K 
4 
K 
3 
K 
2 
K 
1 
100 
56.5 
47.1 
53.1 
100 
57.4 
57.4 
83.1 
100 
62.9 
62.2 
107 
100 
64 
65 
123 
There seems to be no simple connection between peroxide quantity 
and  reaction  velocity.  The  laws  derived  by  Schutz-Borissow, 
Issajew, and Herzog do not hold here. 
This is  otherwise with  enzyme quantity.  Three curves,  run with 
3 cc. of neutralized peroxide and different amounts of enzyme gave 
K X l0  s  Enzyme.  K X 106  Calculated.* 
2 gin. of plant.  256  254 
3  "  "  "  $80  380 
4  "  "  "  506  508 
* K  calculated after 414 see. 
According to the low strength of the enzyme, the peroxide is very 
much  in  excess,  and  therefore  the  reaction  velocity is  proportional 
to  the  enzyme  concentrations,  not  to  the  peroxide  concentrations. 
Sen{er  found  exactly  the  same  to  be  the  case  with  blood  catalase 
(see also the more recent paper by Yamasaki).  The values obtained 
with  hemp  gave  a  proportionality  to  both  peroxide  and  enzyme 
quantity.  This is  probably due  to  the  great  strength  of  the  hemp 
catalase.  However,  it is remarkable  that  the reaction velocity  still 
remains in a  linear relation to the peroxide quantities.  We have no 642  CATALASE  ACTION 
doubt that this relation will exist also with different enzyme quantities. 
Reaction time is a very valuable index for enzyme determination, and 
the fact that Duclaux and Went are the only authors who used this 
index  in  physiology  shows  us  that  it  is  very  little  known.  The 
catalase  strength  is often determined  by measuring  a  pressure  after 
a  certain  time,  but  this  method  has  no  value  for  quantitative 
determinations. 
4  3  2  1 cc. 
Amount  peroxide 
FIG. 3.  Relations of peroxide quantity,  reaction time, and reaction velocity. 
Influence of External  Conditions.--Under  certain  precautions  the 
reaction  follows  the  monoinolecular  line.  For  example,  3  gin.  of 
Ulva were ground as fine as possible in a mortar with 15 cc. of distilled 
water.  After  reaction  with  4  cc.  of  peroxide  and  0.4  cc.  of  0.1  N 
Na2COa solution we calculated the resulting curve. H.  C.  HAMPTON  AND  L.  G.  M.  ~BAAS-BECKING  ~,~, 
~--x  2.31  a 
Time.  a -- x  log  --  T  log ~ -- x 
SeC  • 
138 
276 
414 
552 
690 
828 
966 
29.0 
19.5 
13.0 
8.5 
5.5 
3.8 
2.4 
1.183 
0.353 
0.527 
0.715 
0.904 
1.063 
1.272 
306  ×  10"* 
298 ×  I0  -~ 
29~ X  10  ~ 
299 X  10  -6 
..~:~ x  lO  ~ 
296  X  10  -~ 
304X I0  4 
Average .........  (300 =t= 9) X  10  4 
a  =  44 ram. 
The reading error, 0.2 ram., gave the following result in the first K: 
138  29.2  0.178  297  x  10 -6 
The deviations in K  are therefore due to reading errors, and the re- 
action follows the monomolecular line. 
We studied the influence of different amounts of sodium carbonate 
with different 3 gin. lots of Ulva.  We found 
3 ee. of H~  +  1.6 ce. of Na~C(X (nout~al  to 
phenolphthaleln)  .......................... 
3 cc. of IGO~ +  100 cc. of Na2COa (alkaline). 
3 cc. of H~O~ +  1,000 cc. of N'a2COa (alkaline). 
K  X  10  ~ after.  Average 
356 1 360 ~ 349 I' 3st 
219 1 215 { 176 1  215 
155 1 151 ! 1491  ~5 
Excess of alkali causes a  marked decrease in reaction velocity in 
subsequent  repetitions  of  the  reaction.  Perhaps  the  enzyme  is 
destroyed by the carbonate.  Therefore we tried to apply the formula 
of Schmldt-Nielsen (shaking in activation of rennet) ~  :-  k(a  -x){ 
dt 
in the modification given by Herzog 
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3  cc. of  H,  Os  +  100  mg.  of 
Na~COs. 
Average ................. 
4~ 
5.2~  5.25  I  276 
414 
552 
690 
828 
966 
3.87 
3.39 
3.00 
,  2.74 
i  2.55 
i  2.34 
i 
~1 a (a-x  ~, 
20.4 
17.9 
15.8 
14.4 
13.4 
12.4 
K  X  10  5 
245 
251 
254 
256 
244 
243 
(249 4- 7) X  10  -¢ 
3  cc. of H20, +  1,000 rag. of 
Na,  CO,. 
Average  ................. 
5.25  276 
414 
552 
690 
828 
966 
4.18 
3.8 
3.47 
3.16 
2.95 
2.72 
21.9 
19.9 
18.3 
16.6 
15.7 
14.3 
177 
176 
174 
182 
177 
184 
(178 4- 7) X  10  4 
So  we'see  that  the  formula  of  Schmidt-Nielsen  is  valid  for  the 
case of excess carbonate. 
Unneutralized  peroxide  was  harmful, as  the  following  experiment 
shows. 
3 gin. of Ulva  +  3 cc. of unneutralized HsOs and 15 cc. of distilled water. 
K  X  10  5 after.  Average. 
K  X  10  6 
138 sec.  276 sec.  414 see.  552 sec. 
275  270  257  256  265 
The summary of this experiment is given in Fig.  4.  The point 0, 
in the figure, "neutral to phenolphthalein,"  seems to be the optimum 
point  for  catalase.  (For  similar lines  see  Bredig  and  yon  Berneck 
and Jacobson's work.) 
As described above, the water in which undamaged plants remained 
for  a  certain  time  contained  catalase.  This  catalase  did  not  follow 
the logarithmic curve. _  351 
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.L 
OH',  , 
•  FiO. 4.  Graphic indication of the reaction velocities with varying amounts 
of Na2CO~. 
20 gin. of plant in 25  cc. of 
water. 
Average. 
t  K  X  10  5 
138  139 
276  109 
414  96 
552  85 
K~ X 10  6 
134 
109 
99 
91 
[ 
K -~ X  l0  s 
130 
117 
I01 
95 
K 3  X  IO  s 
129 
123 
120 
126 
(124 4- 5) >( 10  4 
Calculation  following Schmidt-Nielsen's formula  (K  as  in Column 4) 
gave no better result.  Next we tried a--x  =  K(a  x) ~ (as in Column 5) 
dt 
~tt  =  K(a  -  x) 8  (as in Column 6).  The latter  gave  a  constant  and 
series.  The destruction of the  enzyme is probably due to other causes 
(substances washed out by exosmosis (?)). 646  CATALASE  ACTION 
t  K 1X10  s  K]  X105  K 34"105 
138  40  38  43 
20  gin. of plant in  200  cc. of  276  33  35  38 
water.  414  31  33  35 
552  26  29  31 
However, this assumption does not hold, as the above table shows. 
Here the dilution is eight times greater than in the former case.  The 
formula dx_  =  K(a  -  x) 3 does not apply here.  It is obvious that the 
dt 
dilution  is  the  factor  which  combines  its  injurious  effects with  the 
chemical influences.  Herzog  remarks  that  inactivation  of enzymes 
is the quickest in dilute solutions according to the principle of Willard 
Gibbs.  It  is  knovcn  in  breweries  that  the  diastase  is  resistant  in 
concentrated malts, but is quickly destroyed in dilute malt. 
Conclusions  as  to  Catalase.--Ulva  teniata  Setchell  and  Gardner 
contains  a  catalase  which  adheres  to  the  cells  to  a  certain extent, 
but  may, mechanically or  by exoslnosis,  pass  into  the surrounding 
medium.  This catalase is able to act in a neutral medium on peroxide, 
the  reaction  being  monomolecular.  In  an  alkaline  medium  the 
catalase  decomposes  peroxide  following  the  formula  of  Schmldt- 
Nielsen 
The reaction time varies in a linear relation with the concentration 
of the peroxide.  Reaction velocity and enzyme concentration vary 
in  a  linear  relation.  Reaction  velocity and  peroxide  concentration 
vary in a  continuous non-linear and non-exponential relation.  Since 
the peroxide is in excess of the feeble catalase, these facts are in agree- 
ment with  the  data  of  Senter  on  blood  catalase.  On  dilution  the 
enzyme is destroyed, following highly exponential lines 
dx  . 
-  K  (a  -  x) 8 
dt 
or even 
dx 
-  --  K  (a--x)* 
dt II.  C.  IIAMPTOI~  AND  L.  G.  M.  BAAS-BECKYNG  647 
Oxidase  and Peroxidase. 
Oxidase.--Pyrocatechine  is  quickly  oxidized  in  the  presence  of 
ground  Ulva.  10 gin. of grindings,  200 rag.  of pyrocatechine,  and  25 
cc.  of water gave in  20 hours in  the manometer  a  negative pressure 
of 2 ram.  5 gin.  of grifidings,  300 rag.  of pyrocatechine,  and  25  cc. 
of water  gave in  20 hours  in  the manometer  a  negative  pressure  of 
3 ram.  These  are indications  that  Ulva  contains  an oxidase.  Reed 
found in  Ulva an oxidase which acted on guaiacol, pyrogallol, hydro- 
chinon, paraphenylendiamine,  and a-naphtol. 
To  determine  whether  the  reaction  of  the  pyrocatechine was  due 
to the action of the plant we prepared  two test-tubes; A,  100 mg.  of 
pyrocatechine and  10 cc. of distilled water,  and,  B,  100 rag.  of pyro- 
catechine,  5 cc. of distilled water, and 5 cc. of Ulva extract.  B  gave 
a strong red color after 1 hour; A remained light yellow. 
We  were  not  able  to  get  an  appreciable  reaction  with  guaiacol, 
paraphenylendiamine,  or a-naphtol,  or a combination of the last  two 
substances. 
100 rag. of pyrocatechine were oxidized in 17hours by 1 cc. of extract 
to the same color as 0.2  cc. of 0.1 r¢ potassium permanganate  would 
give it. 
100 rag.  of pyrogallol were oxidized in 17 hour~ by 1 cc. of extract 
to the same color as  1.75  cc. of potassium permanganate  would give 
it (dark brown).  A  control experiment without enzyme gave a  light 
color  (0.25 cc. of potassium permanganate). 
100 rag.  of guaiacol or  100 rag.  of phenol were not oxidized in  17 
hours. 
In  conclusion  We  may  say  that  Ulva  contains  a  rather  strong 
oxidase,  active on pyrocatechine and pyrogallol, inactive on guaiacol, 
phenol, paraphenylendiamine, and +  a-naphtol. 
Peroxidase.--We tried two peroxidase tests.  One, the luminescence 
of pyrogallol +  H~O~  (Harvey) failed under the different circumstances. 
The  other,  the  action  of  plant  juice  on  ring  compounds  +  H202 
succeeded only in a  faintly alkaline medium.  We were able to obtain 
the  same  reactions  without  enzyme  in  alkaline  solution.  Therefore, 
we do  not  feel justified  in  concluding  that  a  peroxidase  is  present. 
For example 648  CATALASE ACTION 
200 rag. of hydrochinon q- 3 cc. of H202 give a feeble red color. 
200  ......  +  0.4 cc. of 0.1 •  Na~CO8 give a yellow color. 
200  ......  +  3 cc. of HaO2 +  0.4 cc. of Na~CO3 give a  strong 
orange color. 
Addition  of  plant  juice  has  no  apparent  effect.  Similar  results 
were  obtained  with  paraphenylendiamine, pyrocatechine,  and  resin 
of guaiacol. 
In connection with this fact we may mention the work of Welter 
on the peroxidase of tea.  Welter found that sand (sea sand of Merck, 
purified)  +  H202 gave a peroxidase reaction with ring compounds. 
sUMMARY. 
Ulva  teeniata  contains  oxidase.  The  existence  of  peroxidase  is 
not proved. 
We wish  to  express our gratitude to  Dr.  Walter Fisher,  Director 
of Hopkins Marine Station of Stanford University, for his hospitality 
and valuable help, and to Dr. N.  Gardner, of the University of Cali- 
fornia, for determination of the material with which we worked. 
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